INTRODUCTION
Since breast-conserving surgery (BCS) followed by whole breast irradiation has become accepted as the standard treatment [1, 2] , the rate of conserving surgery in Korea has gradually increased to 50% of breast cancer surgery [3] . Although BCS achieves good cosmetic outcomes compared with mastectomy, the wide excision necessary for the negative resection margin is associated with poor cosmetic results, depending on the tumor size, breast volume, and location [4, 5] . In order to optimize the balance between a safe resection margin and cosmetic outcomes in BCS, oncoplastic techniques have been introduced in recent years [6] [7] [8] . Oncoplastic techniques using autologous tissues are generally believed to allow for superior cosmetic results, but are substantially more complex and time consuming than procedures using prosthetic material [9, 10] .
In 2003, an absorbable synthetic polyglycolic acid mesh was first proposed as a filling material for the volume defect in BCS [11, 12] . In 2009, a Korean national survey revealed that 74.1% of surgeons had used an absorbable mesh due to the simplicity and time saving aspects of the technique [13] . Although absorbable mesh insertion has been reported to be a technically feasible and time sparing procedure [14] , a significant rate of infection, chronic pain and subsequent removal of the mesh or surgical intervention have recently been reported as follow-up time progresses [15, 16] .
Most published studies identify radiotherapy as adversely affecting the cosmetic outcome, particularly in implant-based reconstructions, by precipitating the inflammatory reaction of the implant to the surrounding tissues [17] [18] [19] . However few studies have reported on the influence of radiotherapy on the cosmetic results after absorbable mesh insertion into the volume defect space of the operated breast. The objective of the current study was to investigate the influence of radiotherapy on the cosmetic outcome after immediate breast Purpose: The objective of this study was to investigate the influence of radiotherapy on the cosmetic outcome after immediate breast reconstruction using an absorbable mesh in breast cancer. Methods: From July 2008 to July 2009, 35 breast cancer patients who received immediate breast reconstruction with absorbable mesh insertion at the time of breast conserving surgery followed by radiotherapy were retrospectively studied. Results: In 91% of cases there was an excellent or good cosmetic outcome before the initiation of radiotherapy, and in 8.6% the outcome was fair at this point. However, 6 months after surgery and irradiation, the rate of excellent to good cosmetic outcomes had decreased to 60% and fair outcomes had increased to 25.7%. Contrary to the decreased rate of good cosmetic outcomes from 65.7% to 42.9% at 1 year after operation, the rate of fair to poor outcomes considerably increased from 8.6% to 57.1%. The significant factors affecting cosmetic outcomes were pathology, specimen volume, and the estimated percentage of breast volume excised (EPBVE). Chemotherapy affected the cosmetic outcome at borderline significance level. Age, breast volume tumor site, insertion of drain, radiation dose, and time elapsed between surgery and radiotherapy were not significantly associated with the cosmetic outcome. Conclusion: Applying an absorbable mesh for the immediate reconstruction of the breast should be carefully considered in patients with an EPBVE of over 30% who are scheduled to be irradiated.
METHODS
From July 2008 to July 2009, 35 breast cancer patients who received immediate breast reconstruction with an absorbable mesh insertion at the time of BCS followed by chemotherapy and radiotherapy at our institution were retrospectively studied. The study was approved by the IRB No. 13-006, and patients gave their written consent for their participation. Photograph was taken in patients who agreed to be recorded for the presentation. Patient characteristics and follow-up results including cosmetic outcomes, clinical and radiological findings are reviewed and shown in Table 1 .
The absorbable mesh (polyglactin vicryl mesh ® ; Ethicon, Johnson and Johnson, Somerville, USA) was folded like a fan and wrapped using the absorbable adhesion barrier Interceed ® (Ethicon, Johnson and Johnson), which comprises oxidized regenerated cellulose. The mesh and intercede complex was inserted into the volume defect space after surgical removal of the lesion for breast conservation [11] . A drain was inserted into the volume defect space in eight patients.
All patients received radiotherapy to the whole breast using tangential fields with subsequent electron boost to the tumor bed at a total dose ranging from 50.4 to 66.6 Gy. Mammography and ultrasound were used for the postoperative radiologic survey. Chemotherapy (anthracycline and taxane) was admin istered prior to operation in six patients and 15 patients received chemotherapy after the operation. The cosmetic outcome was evaluated and scored by two physicians, a surgeon who carried out the operation and a radiation oncologist, based on the Harvard Breast Cosmesis Scale: excellent (almost identical to untreated breast), good (minimal difference between breasts, satisfactory symmetry and distortion), fair (obvious difference, acceptable asymmetry and distortion), and poor (major difference, noticeable asymmetry and distortion) ( Figure 1 ) [20] . The appearance of the breast using a photograph taken after surgery was rated during follow-up visits. The cosmetic outcome assessment was repeated at three different time point after operation: before the initiation of irradiation, at 6 months and 1 year postoperation ( Table 2) .
The following factors were analyzed to evaluate their association with the cosmetic outcome: age, pathology, specimen volume, breast size, estimated percentage of breast volume excised (EPBVE), tumor site, radiation dose, insertion of drain, chemotherapy and the time elapsed between surgery and radiation (Table 3) . EPBVE represents the ratio of excised breast volume to whole breast. Each whole breast volume was calculated based on presurgical mammography using the formula: π1/3HR 2 , where H is breast height and R is breast radius. The volume of excised breast was measured with a ruler. Fisher's exact test for discrete variables and ANOVA for continuous variables were used to determine the statistical significance of the data. SPSS version 18.0 (IBM, Armonk, USA) was used for all analyses.
RESULTS
The patient characteristics are summarized in Table 1 . The median follow-up period was 23 months. The median age was 47 years old, with a median tumor size of 1.4 cm. Invasive ductal carcinoma was found in 22 patients (62.8%) and the upper outer quadrant was the most tumor common site (45.7%). The median breast volume was 704.4 cm 3 . The excised specimen tissue showed a median volume of 209 cm 3 . The ratio of the specimen volume to the breast volume (EPBVE) was 21.9% as a median value. The median time elapsed between surgery and radiotherapy was 5 weeks.
The rate of good to excellent cosmetic outcomes was 91.4% and that for fair outcome was 8.6% before the initiation of radiotherapy. However, 6 months after surgery and irradiation, the rate of excellent to good cosmetic outcomes had decreased to 60% and that for fair had increased to 25.7%. Contrary to the decreased rate of good cosmetic outcomes from 65.7% to 42.9% at 1 year postoperation, the rate of fair to poor was considerably increased from 8.6% to 57.1% ( Table 2) .
The significant factors affecting the cosmetic outcome were pathology (p = 0.027), specimen volume (p = 0.005), and the EPBVE (p = 0.008). Chemotherapy affected the cosmetic outcome at a level of borderline significance (p = 0.064 in neoadjuvant chemotherapy group and p= 0.051 in postoperative adjuvant chemotherapy group). Age, breast volume, tumor site, insertion of drain, radiation dose, and the time elapsed between surgery and radiotherapy were not significantly associated with the cosmetic outcome (Table 3) . Among the seven patients (20%) who had to be reoperated on due to mesh complication, partial mastectomy for mesh removal was performed in two patients due to severe inflammation and seroma at around 6 months postoperation (Table  4) . One patient who showed microcalcification at the mesh inserted site on mammography at 9 months after BCS received excision of the lesion for evaluation. The pathologic findings of the removed lesion revealed foreign body reaction and fat necrosis with microcalcification. Two patients received partial mastectomy with lattisimus dorsi muscle flap 2 years postoperatively and one patient underwent the same operation 3 years postoperatively due to severe contracture and pain. The mesh and surrounding tissue had to be excised in one patient who showed infection at the implanted site 3 years postoperation.
Ten patients had persistent pain and eight complained of itching sensations at the implanted site at 1 year follow-up. Ultrasonography revealed various amount of seroma and some extent of parenchymal distortion at the mesh inserted site in these patients.
DISCUSSION
The simplicity and time sparing benefits of absorbable mesh insertion into the volume defect caused by lumpectomy are reasons for the utilization of a mesh in breast reconstruction surgery. According to a Korean national survey, 74.1% of surgeons responded that absorbable mesh is used during breast reconstruction surgery [13] . Previous research on biomechanical materials using an absorbable mesh demonstrated a pronounced level of inflammation and an increased level of connective tissue formation at the interface [21] . In fact, the inflammatory reaction and increased level of tissue formation induced by an absorbable mesh, that is a polyglactin vicryl prosthesis, in the volume defect space is a necessary part of the process of cicatrization of surrounding breast tissues, supporting structures to prohibit deformity or postoperative dimpling [22] . The inflammatory reaction, may however increase the probability of infection in the implanted site, which is closely related with breast pain, contracture, skin edema, and the cosmetic outcome. Furthermore, irradiation to the mesh implanted breast synergistically precipitates the inflammatory reaction, which increases the probability of infection and fibrotic change [17] [18] [19] . As a consequence, the implanted site may be replaced as fibrotic granuloma, even when the mesh is absorbed. Therefore, though the cosmetic outcome may be scored as good, a lump may be palpable in the mesh implanted breast ( Figure 1A ).
According to our study, chemotherapy also may participate in the induction of the inflammatory reaction around the implanted site, although the effect of chemotherapy on inflammation was only borderline significance in both the neoadjuvant and adjuvant sequence.
Polyglactin vicryl is reported to lose half of its tensile strength within 2 to 3 weeks, and is fully absorbed after 3 months, allowing the operated breast to preserve an ideal shape [23] . According to early studies on the outcomes of using absorbable mesh for immediate breast reconstruction with a short-term followup period in Korea, most authors have reported satisfactory cosmetic outcomes with no major complications [14, 22, 24] . Other authors showed that the use of mesh in breast surgery can enhance the cosmetic outcomes without inducing visible deformities or infection after a mean follow-up period of 30 months [25, 26] . They restricted the reconstruction with mesh only to the benign breast condition. The excellent cosmetic outcome in their study thus accounted for no additional irradiation to the breast.
However, Cho et al. [15] reported that infection generally develops 3 months after surgery and the probability of infection in patients implanted with absorbable mesh was reported to be 10.3%, which is a relatively higher rate than previous reported rate of 3% to 7% [13] . Koo et al. [16] found that severe pain or discomfort, edema, and recurrent fluid collection occurred in 26.5% of cases. The median follow-up period of re-op = reoperation; op = operation; CTx = chemotherapy; RT = radiotherapy; vol = volume; EPBVE = estimated percentage of breast volume excised; F = female; Ad= adjuvant; Neo-ad= neo-adjuvant.
this study was 18 months, which provided a longer window for observation of the later side effect induced by mesh and radiotherapy. Earlier studies with shorter follow-up period on the safety of mesh insertion appear to have underestimated the risk of mesh insertion, particularly in the patients who are irradiated [14, 22, 24] . The late side effect of radiotherapy may be progressively manifested years later [27] . We also found that the cosmetic outcome deteriorated after 1 year postsurgery (Table 2) . In this study, the cosmetic outcome was the end point to determine whether absorbable mesh insertion to the breast is suitable for oncoplastic reconstruction in patients scheduled to be irradiated. The 25.7% excellent and 65.7% good cosmetic outcomes at 3 months postoperation decreased to 0% excellent and 42.9% good cosmetic outcomes post 1-year follow-up (Table 2) . However, recent data on the cosmetic outcomes of conventional BCS and adjuvant radiation without oncoplastic intervention showed 71% good to excellent outcomes at 5 years (27% excellent and 44% good) [28] . The reduction of excellent or good cosmetic outcomes from 91.4% to 42.9% at 1 year follow-up implies that adjuvant radiation contributed to the rapid deterioration of the cosmetic outcome. The low rate of good to excellent cosmetic outcomes (42.9%) and the rapid deterioration of the cosmetic outcome at 1 year, and the high rate of reoperation (20%) after conventional BCS and adjuvant radiation suggest that absorbable mesh insertion is not recommendable as an oncoplastic technique.
These results demonstrate that the dynamic processes of complex tissue remodeling and healing, both before and after radiotherapy within the lumpectomy cavity implanted with an absorbable mesh and the surrounding tissue of the breast, occur continuously over a 1 year follow-up period. Although deterioration of the cosmetic outcome as time progresses would be expected to a certain extent, as fibrosis is well known to be a late normal tissue effect resulting from radiotherapy in nonimplanted breast, the rapid deterioration of the cosmetic outcome over 1 year reveals that absorbable mesh synergistically increases the inflammatory process and the probability of fibrosis with radiotherapy. Whitfield et al. [27] also reported that capsular contracture steadily increased even until 4 years in patients who received radiotherapy after immediate breast reconstruction with an implant or nonimplant autologous flaps.
Koo et al. [16] reported that mesh removal was inevitable in 3 of 34 patients (8.8%) for recurrent mastitis. The authors indicated noticeable side effects and argued that the oncologic safety of the procedure is unconfirmed and concluded that mesh insertion should be considered cautiously only in selected cases. The proportion of patients receiving irradiation in Cho et al. [15] and Koo et al. [16] was over 94%. The higher rate of complication in contrast to earlier reports of breast reconstruction with absorbable mesh can be attributed to the increased inflammation induced by irradiation at the site of the implanted breast. Most published studies identify radiotherapy as adversely affecting the cosmetic outcome, particularly in implant-based reconstructions [18] .
Regarding the timing of radiotherapy in mesh implanted patients, although Cho et al. [15] reported that the initiation of radiotherapy after 100 days of surgery decreased the infection rate significantly, we could not find a significant relationship between the time elapsed between surgery and radiotherapy and the cosmetic outcome. In our data, 74.3% of patients started radiotherapy 3 months after surgery. However, the delay of radiotherapy for 3 months until the mesh is fully absorbed to avoid the synergistic effect of inflammation with radiation may contribute to better cosmetic outcomes [23] . Studies on the timing of radiotherapy that delayed, the start of breast irradiation up to 16 weeks from the definitive surgery showed that this does not appear to affect local recurrence in low risk breast cancer patient [29] . Therefore delay of radiotherapy initiation for about 3 months after surgery may be considered until the resolution of inflammation around the lumpectomy cavity implanted with mesh is fully reached, so as to minimize the synergistic inflammatory effect induced by radiation for the optimum cosmetic outcome.
The specimen volume and EPBVE were highly statistically significant, implying a higher rate of poor cosmetic outcomes in patients who had a larger volume of breast tissue removed (Table 3) . In patients with a mean EPBVE ranging from 30% to 40%, the fair to poor cosmetic outcome was 57.1% at 1 year postoperation. The results of cosmetic outcome based on EPBVE provide a basis for determining the suitability of mesh implantation to correct the cavity defect after BCS. Our study shows that applying an absorbable mesh for the reconstruction of the breast in patients with a large breast volume excised, i.e., an EPBVE ranging from 30% to 40%, does not appear to provide a satisfactory cosmetic outcome. For a good cosmetic outcome in mesh implanted breast cancer patients who are scheduled to be irradiated, an appropriate EPBVE can be presumed to be in the range between 10% and 30%. However, a good cosmetic outcome may be achieved only with through the volume displacement technique of oncoplastic surgery without the insertion of any kind of prosthetic materials in patients with an EPBVE in the range between 10% and 30%.
The follow-up period of our study is too short to reach a definitive conclusion for the reason that the effects of radiation continue for years and cosmetic outcomes should be evaluated in the 5 to 10 year range. This implies that longer-term follow-up may be required to present guidelines designed minimize the unexpected adverse effects of mesh insertion, which is not confirmed as being safe for use in oncoplastic reconstruction. A limitation of our study was the relatively small size of patients, who came from one center.
In conclusion, applying an absorbable mesh for the immediate reconstruction of the breast is not suitable in patients with an EPBVE over 30% who are scheduled to be irradiated.
